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Abstract 
Using low-energy electron diffraction (LEED) and Auger electron spectroscopy (AES), we have investigated the 
relationship between Auger peak-to-peak intensity and reconstruction of Se and Te films deposited on Au(111) 
substrate at 298K in an ultrahigh vacuum. The experimental results show that in case of Se/Au(111), the Auger peak-
to-peak intensity from Au(111) substrate increases temporarily as the (3 u 3)R30°-Se structure changes to the (1 u 
 7)R79.1°-Se structure and that in case of Te/Au(111), the Auger peak-to-peak intensity from Au(111) substrate also 
increases temporarily as the incommensurate (¥3 u ¥3)R30°-Te structure changes to the (3 u 3)-Te structure. We 
have proposed the possible models to interpret a small increase in the Auger peak-to-peak intensity from Au substrate. 
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1. Introduction 
The study of Se and Te thin films deposited on various single crystal surfaces has been of interest for 
many years because of scientific and technological interest. In particular, Au [1-3] and Si surfaces [4-7] 
have been used widely as a substrate. Also, the preparation of these films has been carried out by an 
electrochemical method or vacuum evaporation method. In previous papers [8, 9], we monitored the 
Auger peak-to-peak intensity (abbreviation: Auger Ipp) from Au(111) substrate as the Au(111) substrate 
was exposed to successive doses of Se or Te vapor, and we found that a small increase in the Auger Ipp 
from Au(111) substrate occurred after a noticeable first break point which indicated the completion of the 
 
* Corresponding author. Tel: +81-24-956-8698; Fax: +81-24-956-8865  
E-mail address: nagasima@ge.ce.nihon-u.ac.jp  
Available online at www.sciencedirect.com
 2012 Published by Elsevier B.V. Selection and/or peer review under responsibility of Chinese Vacuum Society (CVS). 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 Seiichi Nagashima /  Physics Procedia  32 ( 2012 )  896 – 902 897
first monolayer. Generally, the Auger Ipp from a substrate should continue to decrease steadily with 
increasing film thickness of deposits, irrespective of thin film growth modes, e.g., Volmer-Weber mode, 
Frank-van der Merwe mode, Stranski-Krastanove mode and so on [10]. Therefore, the experimental result 
obtained was not usual variation of the Auger Ipp from Au(111) substrate. As to this small increase of the 
Auger Ipp, the reasonable explanation was not given. Also, the low-energy electron diffraction (LEED) 
results showed that various reconstructed structures were formed during deposition of Se or Te. However, 
it was not known whether or not the reconstructed structures of Se or Te thin films affected the Auger Ipp 
from Au(111) substrate.  
The purpose of the present study is to clear the relationship between Auger Ipp and reconstructed 
structure and to research the reason for the small increase in the Auger Ipp from Au(111) substrate. We 
focused on two main aspects, namely the change of Auger Ipp from Au(111) substrate during Se or Te 
deposition and the change in the diffraction beam intensity of extra LEED spots designating the 
reconstructed structure. The experimental results suggest that the small increase in the Auger Ipp from 
Au(111) substrate may be caused by the removable atoms or the disorder of domain structure in the first 
reconstructed layer formed on the Au(111) substrate. 
2. Experimental 
A clean Au(111) single crystal surface used as a substrate was prepared by vapor deposition in an 
ultrahigh vacuum chamber (base pressure 8 u 10-8 Pa). Details have been described elsewhere [11]. Au of 
99.99% purity was evaporated from a conical tungsten filament source, and deposited on air-cleaved 
MoS2 substrate at 590 ± 2K. A typical thickness of Au film was 100 nm. Se of 99.9999% and Te of 
99.999% purity were deposited in situ onto the Au(111) substrate at 298 ± 2K from a conical tungsten 
filament source. The incidence rates of Se and Te vapor atoms were monitored by a quartz crystal 
monitor. Deposition time was controlled by a microcomputer-aided shutter, and thicknesses of Se and Te 
films were estimated from the deposition time.  
The surface structure was examined in situ by LEED, and the characterization of reconstructed 
structure was evaluated by using the arrangement of extra diffraction spots and the change of diffraction 
beam intensity of extra diffraction spots. The measurement of the beam intensity of extra diffraction spots 
proceeded in two steps. First, LEED pattern displayed on a luminescent LEED screen was recorded using 
a camera mounted onto the chamber window. Next, a blackening degree of diffraction spot recorded on 
photographic negative film was measured by micro-photometer. The blackening degree of the negative 
film was directly influenced by the exposure time of electron beam and chemical development processes 
of negative film. To prevent these difficulties, the beam intensity (blackening degree) of extra diffraction 
spots was evaluated with the intensity ratio of extra diffraction spots to the first-order {1, 0} spots from 
Au(111) substrate. Also, a background intensity of LEED spot was subtracted prior to the determination 
of the intensity ratio. Furthermore, Auger spectra were taken in situ with a cylindrical mirror analyzer 
(CMA) in the derivative mode, dN(E) / dE, at a primary energy of 3keV and beam current of 8PA.  
3. Results 
3.1. Se films  
Figures 1a and 1b show the LEED pattern and schematic LEED pattern obtained from Au(111) 
surface deposited on air-cleaved MoS2 substrate, respectively. The Au(111) surface exhibits a normal (1 
u 1) LEED pattern of an ideal Au(111) surface. When the deposition of Se proceeds on the Au(111) 
substrate, the LEED pattern remains (1 u 1) structure of Au(111) up to 0.06nm thickness.  
898   Seiichi Nagashima /  Physics Procedia  32 ( 2012 )  896 – 902 
 
Figure 1   LEED patterns at 59eV from Au(111) substrate and Se film deposited on Au(111) substrate. (a) (1 u 1) LEED pattern of 
Au(111) substrate, and (b) schematic LEED pattern corresponding to Fig. 1a. Large dots indicate Au {1, 0} spots and dotted lines 
the primitive unit cell. (c) (3 u 3)R30° pattern at 0.093nm thickness of Se deposits, and (d) schematic LEED pattern 
corresponding to Fig. 1c. Open circles indicate Se spots and dotted lines the primitive unit cell. (e) (1 u 7)R79.1° pattern at 0.30nm 
thickness, and (f) schematic LEED pattern corresponding to Fig. 1e.  
 
 
 
 
 
 
 
 
Figure 2  Variations of (a) the LEED intensity ratio, Iextra / IAu{1,0}, of extra diffraction spots to Au {1,0} diffraction spots and (b) the 
Auger peak-to-peak intensities (Auger Ipp) by using the differential peak-to-peak heights of Au(69eV) and Se(99eV) Auger 
transitions as a function of Se film thickness.  
However, when the film thickness of Se exceeds 0.08nm, the extra spots appear at 3 positions in 
LEED pattern as shown in Figs.1c and 1d. This is the Au(111)-(3 u 3)R30°-Se structure, and this 
structure is observed between 0.08 and 0.13nm thickness. Furthermore, when the Se film thickness 
exceeds 0.15nm, the LEED pattern changes to the Au(111)-(1 u 7)R79.1°-Se structure as shown in 
Fig.1e, and this structure is observed from 0.15 to 0.45nm thickness. Fig. 1f shows the schematic LEED 
pattern corresponding to Fig. 1e. 
To give more insight to how changes the surface structure, the diffraction beam intensity of extra 
diffraction spots corresponding to open circles shown in Figs. 1d and 1f was compared with that of Au 
{1,0} diffraction spots. That is, the intensity ratio, Iextra / IAu{1,0}, of extra diffraction spots designating the 
reconstructed structure were derived from LEED spots. Fig. 2a shows the variation of LEED intensity 
ratios, Iextra / IAu{1,0}, as a function of Se film thickness. In film thickness below 0.06nm, the LEED 
intensity ratios show the value of zero, because the LEED pattern exhibits the (1 u 1) pattern without 
extra LEED spots. When the Se film thickness exceeds 0.06nm, the LEED intensity ratios increase 
drastically with increasing film thickness and exhibit maximum at about 0.10nm thickness. Above 
0.10nm thickness, the LEED intensity ratios contrariwise decrease drastically with increasing film 
thickness. The LEED pattern shows the (3 u 3)R30° structure at 0.13nm thickness and the (1 u 
7)R79.1° at 0.15nm thickness, respectively. When the (1 u 7)R79.1° structure appears, the LEED 
intensity ratio shows a value of about 0.25 and increases again with increasing film thickness. The LEED 
 
 Seiichi Nagashima /  Physics Procedia  32 ( 2012 )  896 – 902 899
intensity ratios remain at a value of about 0.5 between 0.23 and 0.33nm thickness. When the film 
thickness exceeds 0.33nm, the LEED intensity ratio begins to drop, and the (1 u 7)R79.1°-Se structure 
becomes gradually faint. This reconstructed structure disappears at 0.50nm thickness, and consequently 
the LEED intensity ratio shows the value of zero. After that, new reconstructed structure is not observed. 
On the other hand, Fig. 2b shows the variations of the Auger peak-to-peak intensity (Auger Ipp) 
obtained by using the differential peak-to-peak heights of Au(69eV) and Se(99eV) Auger transitions. The 
Auger Ipp from the Au(111)  substrate (filled circles) decreases linearly with increasing Se film thickness 
up to 0.13nm and increases slightly at 0.15nm thickness. When the film thickness exceeds 0.15 nm, the 
Auger Ipp from Au(111) substrate decreases again toward lower intensity and the decrement rate of the 
Auger Ipp becomes small. This phenomenon is reproducible. Also, the Auger Ipp from Se deposits (open 
circles) increases monotonously and slowly with increasing Se film thickness. 
3.2. Te films 
Figures 3a and 3b show the LEED pattern and schematic LEED pattern obtained from Au(111) 
surface deposited on air-cleaved MoS2 substrate, respectively. Fig. 3a shows that the Au(111) substrate is 
a (1 u 1) structure. When the Te deposition proceeds on the Au(111) substrate, the LEED pattern remains 
(1 u 1) structure of Au(111) up to 0.06nm thickness. However, when the film thickness of Te exceeds 
0.06nm, extra LEED spots including satellite spots caused by multiple scattering processes are observed 
around the (1 u 1) and the (3 u 3)R30° spots as shown in Fig. 3c. The LEED pattern shows the 
incommensurate (3 u 3)R30°-Te structure. Fig. 3d shows the schematic LEED pattern corresponding to 
the Fig. 3c. This structure is observed up to 0.17 nm thickness. Furthermore, when the Te film thickness 
exceeds 0.17nm, the LEED pattern changes to the (3 u 3)-Te structure as shown in Figs. 3e and 3f. This 
reconstructed structure is only observed in a narrow thickness range from 0.17 to 0.20nm. It should be 
noted that the LEED pattern obtained at 0.17nm thickness includes both (3 u 3)R30°-Te structure and 
(3 u 3)-Te structure. But, the diffraction beam intensity of extra diffraction spots designating (3 u 3) 
structure is relatively weak. Also, on increasing the film thickness further, to 0.22nm, the extra diffraction 
spots designating (3 u 3) structure fades out, and a complex structure appears at 0.28nm thickness, as 
shown in Fig. 3g. The complex structure fades out at 0.43nm thickness. After that, new reconstructed 
structure is not observed.  
Figure 4a shows the variation of LEED intensity ratios, Iextra / IAu{1,0}, as a function of Te film 
thickness. In film thickness below 0.06nm, the LEED intensity ratios show the value of zero, because the 
LEED pattern exhibits the (1 u 1) pattern without extra LEED spots. 
 
Figure 3 LEED patterns from Au(111) substrate and Te film deposited on Au(111) substrates. (a) (1 u 1) LEED pattern from 
Au(111) substrate, and (b) schematic LEED pattern corresponding to Fig. 3a. Large dots indicate Au {1, 0} diffraction spots, and 
dotted lines indicate the primitive unit cell. (c) incommensurate (3 u 3)R30° pattern at 0.084nm thickness of Te deposits, and (d) 
schematic LEED pattern corresponding to Fig. 3c. Open circles and small open circles indicate Te spots and double scattering 
satellite spots, respectively. (e) (3 u 3) pattern at 0.20nm thickness, and (f) schematic LEED pattern corresponding to Fig. 3e. (g) 
LEED pattern with complex structure observed at 0.28nm thickness. Electron beam energy is (a) 47eV, (c) 44eV, (e) and (g) 46eV. 
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Figure 4  Variations of (a) the LEED intensity ratio, Iextra / IAu{1, 0}, of extra diffraction spots to Au {1,0} diffraction spots and (b) 
Auger peak-to-peak intensities (Auger Ipp) of Au(69eV) and Te(483eV) Auger transitions as a function of Te film thickness.  
When the Te film thickness exceeds 0.06nm, LEED intensity ratio increases drastically with increasing 
film thickness and exhibits a maximum at 0.08nm thickness. Furthermore, the LEED intensity ratios 
contrariwise decrease drastically with increasing film thickness until 0.17nm, although the 
incommensurate (¥3 u ¥3)R30°-Te structure can be observed between 0.08nm and 0.17nm thickness. 
After that, the LEED intensity ratios increase again with increasing film thickness of Te up to 0.20nm, 
and then the LEED intensity ratios begin to drop. At film thicknesses between 0.22 and 0.25nm, the 
LEED intensity ratios show the value of zero. When the Te film thickness exceeds 0.25nm, the LEED 
intensity ratios begin to increase and then gradually decrease with increasing film thickness. Above 
0.43nm thickness, the extra diffraction spots fade out.  
On the other hand, Fig. 4b shows the variations of the Auger Ipp obtained by using the differential 
peak-to-peak heights of Au(69eV) and Te(483eV) Auger transitions as a function of Te film thickness. 
The Auger Ipp from Au(111) substrate (filled circles) decreases dramatically with increasing film 
thickness of Te until about 0.1nm. However, the decrement rate of the Auger Ipp from Au(111) substrate 
becomes small to thicknesses ranging from 0.1 to 0.2nm, and the Auger Ipp from Au(111) substrate 
increases slightly as the (3 u 3) structure appears. After that, the Auger Ipp from Au(111) substrate 
decreases again toward lower intensity. This phenomenon is reproducible. On the contrary, the Auger Ipp 
from Te film (open circles) increases monotonously with increasing Te film thickness.  
4. Discussion 
The Auger electron spectroscopy (AES) and LEED results show that a small increase in the Auger Ipp 
from Au(111) substrate is only recognized as the first reconstructed structure changes into the second 
reconstructed structure. We here discuss the relationship between Auger peak-to-peak intensity (Auger 
Ipp) from Au(111) substrate and reconstruction of Se and Te films.  
First, we take up the Se films. Since the Se film thickness of one monolayer (1ML) consisting of the 
(3 u 3)R30° structure is 0.126nm and Se deposited on Au(111) substrate grows in layer-like growth 
below 1ML thickness [12], the Auger Ipp from Au(111) substrate decreases steadily with increasing film 
thickness up to 0.13nm as shown in Fig. 2b. Also, when the Se film exceeds 0.13nm thickness, the (3 u 
3)R30° structure changes to the (1 u 7)R79.1° structure. If the (1 u 7)R79.1° structure is formed on 
the first monolayer consisting of (3 u 3)R30° structure, it can be expected that the Auger Ipp from 
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Au(111) substrate decreases with increasing Se film thickness. However, as seen in Fig. 2b, the Auger Ipp 
from Au(111) substrate increases temporarily at 0.15nm thickness above 1ML. Assuming that the Auger 
Ipp from Au(111) substrate depends on a bare area of Au(111) substrate, it is evident that the bare area of 
Au(111) substrate at 0.15nm thickness is larger than that at 0.13nm thickness. Then, we propose a few 
models which cause the enlargement of the bare area of Au(111) substrate for further deposition.  
The simplest possible model to interpret the enlargement of the bare area of Au(111) substrate assumes 
that a small fraction of Se atoms in the first monolayer consisting of (3 u 3)R30° structure removes to 
the second layer and that these removable Se atoms contribute to the formation of (1 u 7)R79.1° 
structure. If the small fraction of Se atoms in (3 u 3)R30° structure removes to the second layer, the 
bare area of Au(111) substrate at 0.15nm thickness would be enlarged in comparison with that at 0.13nm 
thickness. As a result, it can be expected that the small increase occurs in the Auger Ipp from Au(111) 
substrate. Also, the Auger Ipp from Au(111) substrate at 0.10nm below 1ML thickness is nearly equal to 
that obtained at 0.15nm over 1ML thickness, as seen in Fig. 2b. Therefore, it can be estimated that the 
bare area of Au(111) substrate at 0.15nm thickness is nearly equal to that at 0.10nm thickness.  
On the other hand, another possible model concerning the enlargement of bare area of Au(111) 
substrate might be that the domain size of the first reconstructed structure changes during film growth. If 
the domain size of the (3 u 3)R30° structure shrinks on the Au(111) substrate, the enlargement of bare 
area of Au(111) substrate can be expected. As seen in Fig. 2a, the LEED intensity ratios show that the 
second reconstructed structure occurs after the first reconstructed structure becomes faint. This faint 
reconstructed structure may be correlated closely with the disorder of domain structure.  
Next, we take up the Te films. As seen in Fig. 4b, the Auger Ipp from Au(111) substrate steadily 
decreases with increasing film thickness up to about 0.1nm below 1ML (0.135nm in thickness) which is 
obtained from LEED pattern including satellite spots. However, when the Te film thickness exceeds 
0.1nm, the decrement rate of the Auger Ipp from Au(111) substrate becomes small, and the Auger Ipp 
from Au(111) substrate inversely increases as the incommensurate (3 u 3)R30° structure changes to the 
(3 u 3) structure. If the (3 u 3) structure is formed on the first layer of incommensurate (3 u 3)R30° 
structure, it can be expected that the Auger Ipp from Au(111) substrate decreases with increasing film 
thickness. But, experimental result reveals the small increase in the Auger Ipp from Au(111) substrate. 
This experimental evidence suggests that a similar situation proposed for Se/Au(111) system occurs for 
Te/Au(111) system. That is, a small fraction of Te atoms consisting of incommensurate (3 u 3)R30° 
structure removes from the Au(111) substrate to the second layer, and these removable Te atoms 
contribute to the formation of (3 u 3) structure. Also, it can be presumed that the domain size of 
incommensurate (3 u 3)R30° structure shrinks just before the formation of (3 u 3) structure, as well as 
Se/Au(111). The STM (scanning tunneling microscopy) results of Te films electrodeposited on Au(111) 
substrate by Sorenson et al.[2] are useful to evaluate the models. They found the formation of pits and 
islands in the atomically flat surface as the (3 u 3)R30° structure converted to the higher coverage 
structure, and they pointed out that a roughening transition took place at step edges. For instance, when 
the initial pits open up in the incommensurate (3 u 3)R30° domain wall structure, more Au may be 
visible around the step edges, resulting in an increase in the Auger Ipp from Au(111) substrate.  
Since the proposed two models are not confirmed directly with the current experimental approach, the 
predominant model is not determined at present. However, the two models for Se/Au(111) and 
Te/Au(111) systems suggest that the bare area of Au(111) substrate enlarges substantially as the first 
reconstructed structure changes to the second reconstructed structure. The enlargement of the bare area of 
Au(111) substrate will give rise to the small increase in the Auger Ipp from Au(111) substrate.  
Furthermore, third model is that the Au atoms remove from the substrate surface to the topmost layer 
during reconstruction of Se and Te films. However, the magnitude of the cohesive energy of Au-Au 
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(3.59eV) [13] is larger compared to the bond dissociation energy of Se-Se (2.24eV) and Te-Te (2.19eV) 
[14], so that this model would not be expected in Se/Au(111) and Te/Au(111) systems. 
5. Summary 
We have studied the changes in the Auger peak-to-peak intensities (Auger Ipp) during reconstruction 
of Se and Te films deposited on Au(111) substrate at 298K in an ultrahigh vacuum. In the Se/Au(111) 
system, LEED results show that the surface structure of Se films changes with increasing film thickness 
of Se in the following reconstructed structure: Au (1 u 1) structure o (3 u 3)R30° structure o (1 u 
7)R79.1° structure. AES results show that the Auger Ipp from Au(111) substrate increases temporarily 
as the (3 u 3)R30° structure changes to the (1 u 7)R79.1° structure. In the Te/Au(111) system, the 
surface structure of Te films changes with increasing film thickness of Te in the following reconstructed 
structure: Au (1 u 1) structure o incommensurate (3 u 3)R30° structure o (3 u 3) structure o 
complex structure. AES results show that the Auger Ipp from Au(111) substrate increases temporarily as 
the incommensurate (¥3 u ¥3)R30° structure changes to the (3 u 3) structure.  
Taking into account the experimental results of AES and LEED, we have proposed the possible 
models to interpret a small increase in the Auger Ipp from Au(111) substrate. One is that a small fraction 
of Se or Te atoms in the first reconstructed layer on the Au(111) substrate removes to the second layer 
and the removable atoms contribute to the formation of second reconstructed layer, and the another is that 
the domain size of the first reconstructed structure shrinks just before the formation of second 
reconstructed structure. The proposed models suggest that a bare area of Au(111) substrate enlarges 
substantially as the first reconstructed structure changes to the second reconstructed structure. As a result, 
the Auger Ipp from Au(111) substrate increases temporarily. 
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